Introduction
Indoor air pollution (IAP), especially smoke generated from burning solid biomass fuel in kitchens, is a major environmental health issue in Nepal. Some 85 percent of Nepalese households are dependent on biomass fuels for cooking energy (CBS, 2004) . Biomass fuels such as animal dung, crop residues and wood, which are considered the most polluting fuels, lie at the bottom of the energy ladder, and are used mostly by the very poor people. In Nepal these fuels are typically burnt in open fires or poorly functioning stoves and more often than not indoors with inadequate ventilation creating a dangerous cocktail of hundreds of pollutants to which women and young children are exposed on a daily basis. According to the World Health Organization (WHO, 2007) estimates, IAP from solid fuel burning was responsible for the deaths of 7,500 people, 204,400 Disability-Adjusted Live Year (DALYs) loss and 2.7 percent of the national burden of diseases in Nepal in 2002. According to Nepal Demographic and Health Survey (NDHS) 2006, acute respiratory infection (ARI) has contributed to 23 percent of the total deaths in the year 2006 among children below five years of age. In Nepal, acute lower respiratory infections (ALRI), Chronic Obstructive Pulmonary Disease (COPD) and Tuberculosis are among the top 10 causes of death. There is strong evidence to suggest the role of IAP in the occurrence of such illnesses. Responses to such illnesses so far have focused on treatment rather than on prevention. However, an increasing number of international health professionals and policy makers are beginning to recognize indoor air pollution as a serious problem. While much work has been done on improving stove design, their focus has been on energy efficiency and fuel saving; lifting the burden on women's time and effort; and saving forests. Attention has turned to the issue of indoor air pollution and health only in the last few years (ITDG, 2004) .
The economic valuation of health and environmental interventions is becoming increasingly important (WHO, 2004) . In light of limited funding, such valuations can provide an important tool to: (i) demonstrate the economic returns of investments in intervention; (ii) compare the effectiveness of one intervention against another; and (iii) help policy-makers decide on how to allocate their limited resources. With household energy playing such a central role in people's lives, interventions to reduce indoor air pollution could potentially deliver a wide range of benefits in the areas of health, environment and poverty reduction.
A number of technologies and alternatives are available to solve the indoor air pollution problem. However, due to lack of information on the costs and benefits of such technologies, wide-scale adoption is not taking place at a satisfactory pace in Nepal. Given this information gap, our research aim was to analyze the viability of investment in smoke alleviating products. To meet this goal, we administered a survey in 400 households (HHs) in Rasuwa district, Nepal. The results of the analysis show that the average indoor air pollution level in traditional stove user households is 15 times higher than the recommended safe level. The benefit-cost analysis suggests that investment in IAP mitigating interventions is viable from a household as well as a societal point of view.
Indoor Air Pollution Problem in Developing Countries -A Review
More than three billion people worldwide depend on solid fuels, including biomass (i.e., wood, dung and agriculture residues) and coal, to meet their basic energy needs such as cooking, boiling water and heating (WHO, 2006) . However, inefficient burning of biomass fuel creates a dangerous cocktail of hundreds of pollutants. In general, people in developing countries use solid fuels because of their availability and affordability. Since the use of poor quality fuels decreases with development, the least developed areas are the most likely to experience the highest levels of indoor air pollution (Smith, 1993) . In general, cook-stove efficiency 1 is 20%, 30%, 50%, and 70% respectively for wood, charcoal, kerosene, and Liquid Petroleum Gas (LPG) stoves. Such fuel efficiency seems to be inversely correlated with the amount of health damaging pollutants it emits per joule of energy (Smith, 1994) .
There is abundant evidence supporting the relationship between IAP and health problems such as acute respiratory infections, chronic obstructive pulmonary disease, and lung cancer in women (Smith, 1999; Ezzeti and Kammen, 2001) . Inhaling indoor smoke doubles the risk of pneumonia and other acute infections of the lower respiratory tract among children under five years of age. Women exposed to indoor smoke are three times more likely to suffer from chronic obstructive pulmonary diseases (COPD), such as chronic bronchitis or emphysema, than women who cook with electricity, gas or other cleaner fuels. Use of coal doubles the risk of lung cancer, particularly among women. Moreover, some studies have linked exposure to indoor smoke to asthma, cataracts, tuberculosis, adverse pregnancy outcomes, in particular low birth weight, ischaemic heart disease, interstitial lung disease, and nasopharyngeal and laryngeal cancers. Globally, IAP is responsible for 1.6 million deaths annually and 2.7 percent of the global burden of disease (WHO, 2006) .
As women cook and small children (usually below five years of age) spend most of their time in the kitchen area with their mothers, these two groups are the most vulnerable to indoor air pollution. Smoke inside the house is one of the world's leading child killers, claiming nearly one million children's lives each year (ITDG, 2004) . A Gambian study (Schwela, 1997) found that children under the age of five, who were carried on their mother's backs during cooking (in smoky cooking huts), increased their risk of developing Acute Respiratory Infection (ARI) up to six times. This was significantly higher than if their parents smoked. Qin et al. (1991) and Peng et al. (1998) find that more women and children from families using coal for household energy suffer from respiratory symptoms than those from families using natural gas. There is also evidence to support possible associations of IAP with tuberculosis, blindness and prenatal effects (Smith, 1999) . The smoke from biomass combustion is also associated with reduced birth weight (Misra et al., 2004) . Pokharel et al. (2005) establish a strong correlation between the use of solid fuel in traditional stoves and the increased risk of cataract in women who do the cooking. Pandey (1984) found a significant correlation between the prevalence of chronic bronchitis and exposure to domestic smoke pollution in rural Nepal. Time loss in firewood collection is also very high in Nepal. On average, a household collects 18.3 bharis (i.e., headloads) or bundles of firewood per capita per year. On average, a household spends 5.01 hours for collecting one bhari firewood (Baland et al., 2008) .
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Stove efficiency is the capacity of that stove in terms of combustion of fuel. In other word capacity of the stove to change the energy from fuel to heat energy is related with burning efficiency. Studies (ITDG, 2004 , for example) suggest that IAP is strongly associated with income level. It is the poor who rely on the lower grades of fuel and have the least access to cleaner technologies. Millions of people would lead a healthier life if their exposure to lethal levels of smoke were reduced. The most effective interventions and the most beneficial to the user and society as a whole would be a shift from wood or charcoal to kerosene, LPG, biogas or grid electricity for cooking energy. Other more progressive alternatives may be ethanol (gel) fuel and biomass gasification (Ballard-Tremeer and Mathee, 2000) . But the current energy use and availability trends in developing countries indicate that solid fuel will continue to dominate fuel use in developing countries for the next several years. However, even taking this fact into consideration, there are possible interventions that could potentially reduce exposure to indoor air pollution. These interventions can be classified under three headings (Ballard-Tremeer and Mathee, 2000) : source (fuel, type of stove); living environment (housing, ventilation); and user behaviour (fuel drying, protection of child). Bluffstone (1998) suggests that for a developing country like Nepal, where agriculture is the major form of livelihood and villagers depend on forests for important economic inputs, interim demand-side policies should be seriously considered to protect forests. According to him, promoting improved stoves is a more efficient and equitable instrument than subsidizing the major alternative fuel (kerosene) in order to reduce firewood demand. He therefore emphasizes provision of subsidies for improved stoves.
A Guatemalan study (McCracken and Smith, 1998) shows that the Plancha stove (an improved stove made of cast concrete) emits 87% less PM 2.5 2 and 91% less CO (carbon monoxide) per kJ of useful heat delivered as compared to an open fire during the water boiling test. Dasgupta et al. (2004) find the ventilation factor to have a strong effect on the level of particulate matter (PM). The study of Pitt et al. (2006) in Bangladesh suggests that chimneys are significantly effective in reducing the health impacts of stove proximity when biomass fuels are in use. The study also reports that proximity to stoves adversely affects the respiratory health of women and young children.
In order to evaluate the effectiveness of interventions, it is important to value the changes that occur as a result of stoves and other interventions. A big part of this is valuing the health impacts. There are many studies already on valuing the health effects of outdoor air pollution (e.g., Cropper et al., 1997; Ostro et al., 1998; Alberini et al., 2000; Krupnick et al., 1996 Krupnick et al., , 1999 Krupnick et al., , 2000 Murty et al., 2003; and Gupta, 2006) . But valuation of IAP is a relatively new area of research. Larson and Rosen (2000) have done some work on this subject while Habermehl (2007) analyses the benefits and costs of the Rocket Lorena Stove dissemination programme in Uganda. Further, WHO reports by and describe the methods and data sources that form the basis for the cost benefit analyses of household energy and health interventions and present the results for eight intervention scenarios of relevance to energy policy in the context of Millennium Development Goals. The report concludes that the health and productivity gains far outweigh the overall cost of interventions to alleviate kitchen smoke.
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These are very small particles less than 2.5 micrometers in diameter that can enter and penetrate the lungs.
According to Bruce (2000) , households could adopt a new technology, such as an improved stove, if the perceived benefits of adoption are greater than the costs. A study (Parikh, 2000) on the impact of rural energy on the health impacts of poor rural communities in the three Indian states of Rajasthan, Himachal Pradesh and Utter Pradesh finds that the cost to poor families due to days lost collecting fuelwood, lost earnings and cost of medical treatment of adults is 85 billion rupees ($1.84bn) per year. Days lost due to illness and due to time spent on collecting fuel came to 1 billion days for a population of 226 million.
Study Area and Data
Our study area consisted of five Village Development Committees in Rasuwa: Galtlang, Goljung, Chilime, Haku and Dhunche. The Rasuwa district lies in the northern part of Central Nepal, about 80 miles from Kathmandu. In 2001, there were 8696 households with a population of 44731 in the district (CBS, 2002) . The main ethnic group (about 84%) of the area are Tamang. Most of the households (91.3%) in the area are totally dependent on biomass energy for cooking and room heating. Among this number, most households undertake cooking activity on inefficient traditional stoves in poorly ventilated kitchens. However, some households have installed smokehoods and undertaken changes in the traditional stove in order to mitigate the problem of indoor air pollution with the financial and technical support of Practical Action Nepal.
Practical Action Nepal, an International Non-Governmental Organization (INGO), has been facilitating villagers in Rasuwa 3 to adopt appropriate technologies to alleviate indoor air pollution since 2001. It has facilitated village communities to select and develop efficient, appropriate and sustainable technological solutions to reduce the IAP problem in Rasuwa district. They used a participatory approach 4 to identify appropriate technology to solve the IAP problem. After experiments, the customers chose the smokehoods technology with stove modification. Under the Practical Action Nepal project in Rasuwa, the smokehood is the major intervention, which is built against the wall with an improved tripod stove beneath it constructed with a mud base. The protective base around the back and the two sides of the tripod stove are made with mud. Likewise, a bar is set across the front of the stove to allow air to pass beneath it to improve combustion. The smokehood sucks away the smoke produced during the incomplete combustion of fuelwood while cooking. The organization took into consideration the special needs of the high hill region where room heating is one of the prime requirements besides cooking while designing the smokehood. Moreover, by incorporating a grill rod inside the smokehood, they made provisions for smoking meat and agro-based products. Users preferred the technology because of its practicality and appropriateness as it reduces the level of pollution, radiates heat inside the room, and allows them to cook the way they want using different types and sizes of pots 5 . We also assessed a range of factors that might influence pollution levels and exposures, known as confounding variables, during the course of the study so their potential effect could be accounted for in the analysis. We also collected information on kitchen size, ventilation, stove type, cooking practices and fuel type. We asked the main cook about adverse health symptoms mainly associated with indoor air pollution, such as, coughing, wheezing, phlegm, eye irritation, headaches, symptoms associated with COPD, etc., and about symptoms of respiratory illness in children. The questionnaire included questions on burns in order to establish whether the interventions were helping to reduce the levels of burns in small children. In addition, we also collected individual data from the household head on household members regarding their annual treatment cost for respiratory problems. First we calculated the treatment cost per incident for the survey year and added up the treatment cost for the particular household. The recall period for most variables was one year. But with respect to fuel use, it was just 24 hours (that is, for fuel use during smoke monitoring).
We conducted indoor air quality monitoring (CO and Particulates, two key emissions harmful to health) in the sample households. In 60 (30 user and 30 non-user) households we monitored PM 10 6 using Buck S.S. pumps, which is a low-flow sampling pump that draws in air, spins off the larger particles and deposits the lighter, more dangerous ones on a small circular disc of filter paper. We weigh the filter before and after monitoring; the difference in weight indicates the levels of the pollutants in the room. We calibrated the pumps prior to each 24-hour monitoring session using a Buck bubble calibrator.
To measure carbon monoxide, we utilized the Industrial Scientific ISC T82 real-time, single gas monitor. The machine gives real time monitoring results. Once monitoring takes place, we can download the data to a computer. We conducted the monitoring of CO in 203 households (123 without and 80 with intervention). In the survey kitchen, we set close together a particulate pump and a CO monitor, 1.3m vertically and 1.3m horizontally away from the stove. We conducted the monitoring for 24 hours. 
Methodology
We analysed the collected data to identify the linkages between IAP and health for the purpose of assessing the viability of investments in IAP mitigating technologies and programmes. In order to do this, the study establishes the link between the IAP level and technological interventions. We also estimate the marginal health costs associated with IAP and perform a Cost Benefit Analysis (CBA) of the intervention.
Determinants of IAP
Several studies (e.g., Brauer and Saxena, 2002; Freeman and de Tejada, 2002; Moschandreas et al., 2002; World Bank, 2002; Dasgupta et al., 2004) have identified the potential determinants of exposure to indoor air pollution: fuel type, time spent on cooking, structural characteristics of houses, cooking locations, and household ventilation practices (i.e., opening of windows and doors, etc.). WHO (2002) reports that indoor air quality may vary depending on the type of cooking devices, type of fuel, hours of burning fire, ventilation, location of kitchen and stove, user's behaviour (for example, fuel drying, use of pot lids, good maintenance and sound operation of the stove and food preparation style). From the literature and our understanding of the local situation, we identified the different factors which might have an effect on indoor air quality determination in rural Nepalese households. Those factors include stove and fuel type, housing structure, behavioural factors, family factors, weather factors and other sources of IAP like tobacco smoke, lighting, etc. With regard to fuel type, we considered the dryness of the solid biomass fuel in the analysis. Under housing structure, we considered the size of the kitchen and the number of windows. Behavioural factors include the stove use for room heating. Family factors include the number of family members, the use of the stove to prepare foods other than regular food and the number of hours of cooking. Weather factors include temperature and rain. We also took into consideration other sources of IAP such as tobacco smoking and lighting fuel. To find the determinants of IAP we estimate the following equation:
where CO i is a proxy measure of IAP in the i th household's kitchen including PM 10 . McCracken and Smith (1998) and Naeher et al. (2001) find a strong correlation between CO and PM 10 indicating the usefulness of CO measurements as an inexpensive and accurate way of estimating PM 10 concentrations. We choose the right hand side variables based on existing IAP literature while ε i1 is an error term. The main variable of interest is 'interven', which refers to the smokehood and stove improvement intervention. Other independent variables include rain dummy (rain_d), average temperature in the monitoring day (avg_temp), size of kitchen (k_size), number of windows (win_n), family size (family), use of stove for room heating (heat_hrs), preparation of food other than regular foods (ofood), number of cooking sessions (cook_ses), type of fuel for lighting (light) and tobacco use in kitchen (i.e., smoking). We define the variables presented above in Table 1 . We estimate Equation (1) using Ordinary Least Squares method.
Valuation of Benefits
We consider four types of post-intervention economic benefits in this analysis: (i) health benefits leading to a reduction in treatment cost and savings in days lost due to ill health; (ii) fuel savings; iii) cooking time saving; and (iv) global environmental benefits due to greenhouse gas reduction. We consider the first three benefits mainly from the household perspective while we consider the environmental benefit also including other three benefits from a societal perspective".
We calculate the total health cost by adding treatment costs and the value of working days lost due to indoor air pollution. We consider only respiratory infections, mainly ALRI and upper respiratory infections (URI), for the analysis. There is strong evidence from previous epidemiological studies that air pollution contributes significantly to the occurrence of ALRI (WHO, 2007b) and URI (Mutius, 1995) . Since the intervention had been available in the study area for only a short period of time, we were able to consider only the immediate acute health impacts while we had to ignore chronic diseases resulting from long term exposure.
The total treatment costs (TC) include the cost of treatment and diagnosis (hospital/doctor's fee), lab charge, dietary expenses, and transportation costs and food expenses of the patient and caretakers. Days lost (DL) refers to the cost associated with the loss of productivity and days of work lost due to illness. It is the sum of time loss of the patient and his/her attendants. During illness the patients need to travel for treatment, stay in hospital or rest at home while the attendants are responsible for giving proper care to the patient. To estimate the marginal effect of interventions on treatment costs and day loss, we used the following two equations:
where TC i (lcost_rs, log of total treatment cost) refers to the i th household's treatment cost and DL i (loss_day) refers to the days lost. The explanatory variables are intervention (intervene), smoking in the kitchen (smoking), distance to health facilities (health_dist), distance to road head (road_dist), log of income level (lincome), size of family (family), number of children below 5 years (below5), number of the old above 60 years (above60) and chronic illness (chronic) in the household. We further define these variables in Table 1 . In our sample, the treatment cost is zero for several households. In view of the truncated nature of the dependent variable, we use the Tobit regression for estimation of the treatment cost. As the day loss (DL) is count data we use negative binomial regression for estimation.
In order to estimate the marginal firewood savings from kitchen interventions, we also estimate the following firewood consumption equation:
where fuel_q i is the quantity of firewood used by the i th household. The explanatory variables are intervention (intervene), type of prepared food (ofood), family size (family), log of income level (lincome), rain (rain_d), use of stove for heating purpose (heat_tim), number of cooking sessions (cook_ses) and fuel collection time (fuel_tim). 8 We calculate the marginal saving in firewood due to the kitchen intervention from the above firewood consumption equation (4). We also have household data from the survey on hours spent per unit of fuelwood collected. With this information and the marginal fuelwood saved, we estimate the annul firewood collection time savings. We calculate the monetary value of time savings by multiplying the time saved in fuel collection by the wage rate (Rs.100/day).
Similarly, based on data from the household survey, we also calculate the time saved in average cooking time after the intervention. We use the mean difference in cooking time between households with and without the intervention as the time savings from the intervention. From this we derive the monetary value of time saved in cooking activity. The monetary value of cooking time saved is the total cooking time saved multiplied by the shadow wage rate.
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The intervention in the study area may have a small but positive impact on global climate change through the reduction in firewood consumption. The burning of solid fuels leads to the emission of many different greenhouse gases (GHGs) such as carbon dioxide (CO 2 ), methane (CH 4 ), nitrogen dioxide (NO 2 ), etc. The CO 2 emission is the highest from fuelwood burning, which is also recognized under the Clean Development Mechanism (CDM) of the Kyoto Protocol. Therefore, in this analysis we only consider CO 2 emission. We assume that each kilograms (kg) of non-renewably harvested firewood burned generate 1500g CO 2 10 . The monetary value of the global environmental benefit is the total CO 2 that is not released into the environment due to the firewood that is not used multiplied by the unit international market price of the carbon.
Cost Estimate
We calculate the initial capital investment for a household as the sum of the market price of the smokehood, the installation cost of the hood, and stove improvement costs. Similarly, we have also taken into consideration in this analysis the recurrent fuel costs, operation, repair, and maintenance costs. For the CBA analysis from a societal perspective, we have included the programme cost, i.e., the direct programme cost of Practical Action Nepal. Habermehl (2007) .
Benefit Cost Analysis
We have conducted the benefit cost analysis from two perspectives: (i) an economic analysis to assess the social benefit from a societal perspective, and (ii) a financial analysis to assess private benefits from a household perspective.
All the prices in the analyses are based on 2006 market prices. We applied a shadow wage for time saved in the economic analyses in order to calculate the true economic price. The shadow wage rate used is 50 percent of the going wage rate for women. We have based this on the assumption that women would use only 50 percent of their saved time on income generating activities, farming and home-care-related activities.
11
We assume the life of the intervention to be 10 years and, therefore, calculate the annual benefit and cost cash flow for a 10 year period. From the net cash flow, we calculate the Benefit-Cost (B/C) ratio, Net Present Value (NPV) and Internal Rate of Return (IRR). We derive the B/C ratio and NPV using the standard discount rate of 12 percent in the financial analysis (analysis from a household perspective). Some of the benefits of investments to improve indoor air quality will be visible in the long run only. These interventions also have long term environmental benefits for future generations which will not be limited to a single household. Therefore, we applied a lower social discount rate of 3 percent in the economic analysis. In addition, in order to check the robustness of the results and the risk associated with the benefit and cost, we performed a sensitivity analysis. We checked the sensitivity of investment in case of cost increase, benefit decrease, or both.
We calculate the NPV and B/C ratio (BCR) using the following equations:
(1 )
where r is the discount rate, t is the year, B t is the benefit and C t is the cost in time t and IRR is the rate for which NPV equals zero.
11 Habermehl (2007) also uses the same rate.
Results and Discussions

Indoor Air Pollution Problem in Rural Nepal
All the households use firewood for cooking in the surveyed area. Only a few (1%) households use clean fuels (biogas, LPG, etc.) along with firewood. The average annual firewood consumption is 2,744 kg (see Table 1 ). Due to the high use of firewood (solid fuel), the pollution in the kitchen is very high. Table 2 shows that the twenty-four hour average PM 10 level is 763 µg/m 3 in households without intervention (control group), which is about 15 times higher than the WHO recommended safe level of 50µg/m 3 . In the sample households with intervention, the 24 hour average PM 10 level is 255µg/m 3 which is 66% less than for the control group (see Table 2 ).
The WHO recommends an 8 hour average of CO which is not more than 9 ppm. Our findings indicate that the 24 hour average CO level is 9.39 ppm in households with traditional stoves compared to 2.26 ppm (that is, 76% less) in households with smokehoods. The results show that the difference in the levels of pollution (PM 10 and CO) in the intervention and control groups is statistically significant (see Table 2 ). Our results suggest that there is a strong correlation (r = 0.813) between CO and PM 10 . McCracken and Smith (1998) We assess a range of factors that might influence indoor air pollution levels, known as confounding variables, in order to analyse their potential effects on CO. We estimate Eq (1) using the ordinary least squares (OLS) method. We present the results in Table 3 . Our results indicate that the coefficient of intervene (smokehoods and stove improvement) is negative and significant (-6.74) indicating that interventions are effective in reducing the indoor air pollution level significantly. More specifically, the average reduction of CO concentration due to intervention is 6.74 ppm. This result is consistent with what we observe in Table 2 . Likewise, the size of the kitchen significantly reduces the IAP level: the larger the kitchen area the lower the IAP level. On the contrary, the use of the stove for purposes other than cooking regular food, such as making alcohol, preparing animal feed and for room heating has a significant positive effect on CO concentrations. We also find a positive and significant effect on IAP levels of the number of cooking sessions and smoking. Other variables such as use of polluting fuel for lighting, the family size, the number of windows in the kitchen have no significant effect on IAP levels.
Measurement of Economic Benefit from Intervention
The occurrence of respiratory illnesses (e.g., cough, phlegm, and wheezing symptoms) is significantly different among the cooks (Table 4 ) and children (Table 5 ) of the intervention and control groups. The probability of reduction in respiratory illness in women cooks and children below 5 years after the intervention is significantly high (see Table 6 ). The OLS result suggests that the intervention contributes to a reduction in treatment costs by about Rs. 603/year per household (see Table 7 ). The Government provides medical check-ups and medicines at
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With the use of the filter and buck pump, the PM 10 monitoring process was quite lengthy. Therefore, we were able to monitor it in 60 HHs only.
subsidized rates in the area through public health facilities. On average the cost of subsidized medicines and health check-ups comes to approximately Rs.375/HH/year (see Table 2 ). If we factor in this cost, the marginal saving due to intervention would come to about Rs. 978/year per household. Likewise, there were savings in sick days after the intervention due to fewer occurrences of diseases. As Table 8 shows, the saving in annual sick days for people in the economically active age (patient and caretaker) is approximately 10 days/HH due to the intervention, which is equivalent to Rs. 1000/year (or Rs. 500/year in economic price
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We also analyze the impact of the intervention on fuel consumption. Table 9 presents the regression result on the determinants of firewood consumption. It is clear that the intervention results in a significant decline in firewood consumption. In the case of OLS, the average firewood saving per day due to the intervention is 3.15 kg per household (roughly 1150 kg/year). The households in the study area do not purchase the fuelwood but collect it from nearby forests. Finally, due to the significant reduction in the use of firewood at 1150kg/year, we estimate that there would be about 1,700kg/hh/year less of CO 2 emission which contributes to an improvement in the global environment. If we assume the economic value of one tonne of CO 2 avoided to be approximately US$6.00, 14 the saving in firewood use results in a saving of Rs.724/HH/year in terms of a reduction in the level of CO 2 emission.
3 Endogeneity Issue
We have treated the intervention up to now as an exogenous variable. However, when selecting households for indoor smoke alleviating technology adoption, the project provided the technology to interested households. The project created a revolving fund to address the credit constraints of low income households and provided loans to interested customers, who then used the loans to buy the kitchen improvements. The adoption of the new technology, however, may depend on the degree of air pollution in the kitchen, the quantity of firewood needed for cooking and heating, and the health impacts of the polluted air coming from the kitchen. The potential dependency of technology adoption (interven) on the dependent variables (CO, TC, DL and fuel_q) in equations (1) In order to address the possible endogeneity issue, we use an instrumental variable (IV) approach while estimating equations (1) through (4). The adoption of new technology may depend on the household income and the knowledge of the person making decisions on adoption about the link between indoor air pollution and health outcomes of family members. It is possible to take the education levels of household members as proxy knowledge about the effects of indoor air pollution on health. We, therefore, use household income and education level as instruments for intervention (intervene). We also use the sex-ratio as an additional instrument for intra-household decision making capacity when it comes to adopting the improved stove. The decision to adopt an intervention may depend on the bargaining power of the female who generally spends more time on cooking and therefore is more affected by the polluted air.
The contribution of intervention (interven) goes up in all cases when we correct for endogeneity. The results from IV estimates indicate that the effect of intervention on reduction in indoor air pollution is even stronger when we correct for endogeneity. The reduction in CO levels goes up from 6.74 ppm to 8.82 ppm if we compare the results from the OLS and IV methods. We also estimate an alternative model with an alternative set of instruments, where income is replaced by land holding. But the results are not sensitive to the alternative set of instruments.
15 For example, the reduction in treatment cost increases to Rs 987 from Rs 603 (see Table 7 ) while the marginal saving (which includes government subsidies) is Rs 1352. The saving in annual sick days also goes up to 19 days/HH/year (the equivalent of Rs 1900/year in financial terms and Rs 950/year in economic terms) in the case of IV estimates (see Table 8 ). The average firewood saving per day due to the intervention is 4.82 kg for each household (about 1527kg/year, see Table 9 ). This translates into a saving of 40 working days per year per household (the equivalent of around Rs. 2000 in economic price).
Our analysis indicates that there would be 1725 -2290 kg/hh/year less CO 2 emission due to the reduction in firewood use (approximately, 1150 -1527 kg/year) based on the OLS or IV estimation method. The reduction in firewood use results in savings of Rs.724 -Rs. 962/hh/year in terms of a reduced level of CO 2 emission.
Cost of Intervention
We calculate the intervention costs to the households as well as to society. The initial investment cost for the intervention per household is approximately Rs.5000/HH with a maintenance requirement of Rs.100/year (see Table 10 ). This cost is estimated as net costs based on the costs of smokehoods plus stove modification minus the cost of the traditional stove. Similarly, we calculated the programme cost based on Practical Action Nepal's direct programme cost in Rasuwa in order to calculate the cost to society. The total programme cost was approximately Rs. 4.76 million (1.12 million for seed money, 0.79 million for grants and 2.85 million for other programme costs) during the 3 years of the project period (see Table 10 ).
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This particular set of results is not reported here but is available upon request.
Cost Benefit Analysis
A household's decision to install a smokehood depends on the direct costs and benefits to the household. Hence, we carry out a cost benefit analysis to assess the viability of the investment for intervention. For a household, the total investment includes the price of intervention (smokehood installation and stove modification cost) which comes to about Rs. 5000 with a maintenance requirement of about Rs. 100/hh per year (see Table 10 ). The annual financial benefit of the intervention is Rs. 987/HH from treatment costs and Rs. 1900/HH (19 days) from health care related time savings. Similarly, there is a Rs. 5050/HH (or 50.5 days) saving from indirect time savings (i.e., time savings in cooking and firewood collection). Thus, the total annual financial savings come to about Rs. 7,937/HH/year (see Table 10 ). A benefit cost analysis from the household perspective suggests that the investment in a smokehood is highly viable on economic grounds with the estimated Financial Internal Rate of Return (FIRR) being 156 percent, which is about thirteen times higher than the cut-off discount rate (12%). If we consider only the health benefits of the intervention (ignoring other benefits), the IRR comes to about 55 percent. If we consider only the monetary cost saving (that is, the treatment cost saving in cash), the IRR comes down to 12 percent (see Table 11 ).
We perform a sensitivity analysis in order to check the robustness of the results and the risk associated with the underlying benefit and cost assumptions. The results of the sensitivity analysis show that the investment in smokehoods is viable even in the case of an increase in the product cost by 20 percent or a decrease in associated benefits by 20 percent. Even in the combined case, the BC ratio is greater than the unity, indicating the viability of the investment.
In order to check the viability of the indoor air pollution alleviation programme from a societal perspective, we undertake an economic cost benefit analysis. Because of increased awareness, a smooth flow with regard to supply, easily accessible after sales service and availability of loan facilities through revolving funds, we expect approximately 640 households to benefit from the intervention in the project area. The CBA analysis from a societal perspective shows that the investment in scaling up the programme on indoor smoke alleviating technologies is economically viable with an Economic Internal Rate of Return (EIRR) of 71 percent. Similarly, the analysis shows that over a 10 year period, the NPV will come to Rs. 20.1 million with a B/C ratio of 4.7 at the 3 percent discount rate (see Table 11 ). The results of the sensitivity analysis indicate that the investment in kitchen smoke alleviation programmes is viable even if programme costs increase by 20 percent or benefits decrease by 20 percent. Even if the project costs increase by 20 percent and the benefits decline by 20 percent, the BC ratio remains greater than the unity (2.2). Moreover, even in the absence of financial benefits from CO 2 savings, the programme seems viable with an IRR of 57 percent.
Conclusions and Recommendations
In rural Nepal, most of the households are totally dependent on solid biomass fuel for cooking energy. The biomass reliance has been contributing to external economic cost such as deforestation, green house gas emission, drudgery and ill health of rural women and children. The research findings of our study show that the indoor air pollution level is very high (15 times higher than the recommended safe level) in the study area where households use solid biomass fuel for cooking on traditional inefficient stoves. Indoor air pollution is one of the key factors of major health problems, mainly ALRI, and results in high expenditure in terms of treatment and loss of productivity. There is urgent need to increase the access to cleaner fuels and improved technologies to overcome these problems.
The smokehood with improved stove designs has proved to be very effective in reducing the indoor air pollution levels. The benefit-cost analysis suggests that it is viable to invest in this product and its scaling up programme. Yet, the adoption of these interventions is very limited. There are several reasons why scaling up is not taking place. The three most obvious ones are: i) the information gap -i.e., households not aware of the benefits; ii) expenditure incurred in the intervention and the lack of credit facilities; iii) the absence of a regular supply of intervention technologies because there is no established market. It is imperative for policy makers to deal with these challenges if the problem of indoor air pollution is to be seriously addressed.
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Abstract
Indoor air pollution (IAP), especially through the smoke released when burning solid biomass fuel for cooking, is a major environmental health problem in Nepal. About 85 percent of Nepalese households are dependent on solid biomass fuels for cooking energy. Among households using such fuels, most cook in poorly ventilated kitchens using inefficient stoves, leading to indoor air pollution and consequently health problems. While there are successful technologies/interventions which help to mitigate IAP, due to lack of evidence on the economic viability of such interventions, they have not been adequately scaled up. This study generates some evidence on the costs and benefits of a particular indoor air pollution control initiative. Based on a survey of 400 households in Rasuwa district, Nepal, the study finds that stove improvements and a smokehood in the kitchen can reduce the consumption of fuel, improve air quality and reduce the health costs borne by households. Such local interventions can also contribute to mitigating global problems such as the release of green house gases through biomass burning. This study finds that the average indoor air pollution level in traditional stove user households is 15 times higher than the recommended safe level which inevitably leads to high health expenditures. The benefit-cost analysis suggests that the investment in IAP mitigating intervention is viable from both the household and societal perspectives.
Key words: Indoor air pollution, Cooking energy, Solid biomass fuel, Nepal, Health problems, Green House Gases, Cost Benefit Analysis
